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GLOW DISCHARGE EMISSION 
SPECTROSCOPIC ANALYSIS APPARATUS 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a glow discharge emission spectroscopic 
analysis apparatus, wherein a sample is arranged so as to face an anode of a glow 
discharge tube, an inert gas is supplied to the sample surface under low pressure and a 
glow discharge is emitted by applying a high-frequency voltage or a DG voltage 
between the sample and the anode so that a discharge emission can be analyzed and 
more specifically to an improvement in mounting and applying a potential voltage to a 
sample, such as a large semiconductor wafer. 

2. Description of Related Art 

One example of a glow discharge emission spectroscopic analysis apparatus is 
a high-frequency glow discharge emission spectroscopic analysis apparatus which can 
be utilized for chemical analysis of conductor, non-conductor and a semiconductor 
materials. With such an apparatus, sputtering and atomic emissions are combined for 
analyzing bulk solids and depth profiling surfaces and coatings. 

According to recent developments in semiconductor techniques, the diameter 
of a semiconductor wafers such as silicon wafers used in manufacturing 
semiconductor circuit chips have become larger and the spacing between circuit paths 
have decreased so that minute impurities can impair the production of such products. 

Thus, the prior art is seeking to find apparatus and procedures to precisely 
measure the properties of large semiconductor wafers. 
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SUMMARY OF THE INVENTION 
The present invention provides a glow discharge emission spectroscopic 
analysis apparatus which is capable of making a desired chemical analysis with 
excellent reproducibility. 
5 In order to achieve the above object, according to the present invention, in a 

glow discharge emission spectroscopic analysis apparatus, where a sample is arranged 
so as to face an anode of a glow discharge tube provided in a Faraday cage, and an 
inert gas is supplied to the sample surface under a low pressure, and a glow discharge 
is emitted by applying a high-frequency voltage or a DC voltage between the sample 
10 and anode so that the discharge emission can be analyzed, the sample is maintained at 
the same potential as that of a negative electrode of the high frequency voltage or DC 
voltage provided on one of a front surface and a back surface of the sample excluding 
the sputtered position. 

In the glow discharge emission specfroscopic analysis apparatus having the ' 
15 above structure, a voltage is applied to the sample uniformly, and mtensity of the 
discharge emission becomes stable, and thus desired and stable analyzed results can 
be obtained. 

In one embodiment, the sample can be held by a first electrical conductor 
provided on one side of the glow discharge tube and second electrical conductor 
20 which is capable of being close to or separated from the first electrical conductor, and 
both the electrical conductors are electrically cormected with each other when the 
sample is mounted so that a negative electric potential is provided to both of the 
electrical conductors. 

In the glow discharge emission spectroscopic analysis apparatus having the 
25 above structure, the sample is sandwiched between the first electrical conductor and 
the second electrical conductors. As a result, a voltage is applied to the sample 
uniformly, and the intensity of the discharge emission becomes stable, and thus 
desired and stable analyzed results can be obtained. 

Further, in the glow discharge emission spectroscopic analysis apparatus, the 
30 first electrical conductor is provided to one end of the glow discharge tube, whereas 
the second electrical conductor is movable by a cylinder rod so that the sample can be 
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held between both the electrical conductors. As a result, the sample can be held 
simply and securely in a predetermined posture. 

The present invention can be provided to measure the properties of 
semiconductor wafers of a large size and the first and second electrical conductors can 
5 be designed to carefully hold the semiconductor wafer without exerting undue stress, 
while also providing a uniform application of voltage to both sides of the 
semiconductor wafer. An electrical conducting wiper can be provided to interconnect 
the first and second electrical conductors when they are closed on the semiconductor 
wafer for positioning the semiconductor wafer in a sealing relationship as a cathode in 
10 the glow discharge apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects and features of the present invention, which are believed to be 
novel, are set forth with particularity in the appended claims. The present invention, 
both as to its organization and manner of opefration, together with fiirther objects and 
1 5 advantages, may best be understood by reference to the following description, taken in 
connection with the accompanying drawings. 

Figure 1 is a drawing schematically showing a schematic structure of a glow 
discharge emission spectroscopic analysis apparatus of the present invention related to 
a first embodiment; 

20 Figure 2 is a cross-sectional view showing a main section of the above glow 

discharge emission spectroscopic analysis apparatus; 

Figure 3 is a perspective schematic view showing a the structiu-e of a glow 
discharge emission spectroscopic analysis apparatus of the present invention related to 
the second embodiment for measuring semiconductor wafers, and more specifically a 
25 perspective view showing a Faraday cage; 

Figure 4 is a cross-sectional schematic view showing a structure of a Faraday 
cage and the movable electrical conducting and holding members;. 

Figure 5 is a sectional view showing a structure of a vicinity of a glow 
discharge tube related to a second embodiment of the present invention; 



Figure 6 is an enlarged perspective view showing a main section of a 
mechanism for holding a sample for the glow discharge tube in the second 
embodiment; and 

Figures 7A, 7B, and 7 C are schematic drawings for explaining the problem 
5 found by the present inventors 

DETAILED DESCRIPTION OF 
THE PREFERRED EMBODIMENTS 

The following description is provided to enable any person skilled in the 
art to make and use the invention and sets forth the best modes contemplated by 

10 the inventors of carrying out their invention^ Various modifications, however, 
will remain readily apparent to those skilled in the art, since the general principles 
of the present invention have been defined herein specifically to provide a glow 
discharge emission spectroscopic analysis apparatus for measuring the properties 
of samples, such as semiconductor wafers. 

1 5 The inventors of the present invention conceived of using a glow discharge 

emission spectroscope analysis to large size semiconductor wafers in a production 
environment and initially arranged for a sample of a semiconductor wafer to face an 
anode of a glow discharge tube. An inert gas was applied to the sample surface under 
a low pressure and a glow discharge was emitted by applying a high-frequency 

20 voltage between semiconductor wafer and the anode so as to analyze the discharge 
emission. However, scattering of analyzed data between a center portion and an outer 
peripheral portion of the semiconductor wafer surface surpassed the expected estimate 
of the inventors to create a problem. Moreover, scattering of the analyzed data 
according to various forms of other semiconductor wafers was also found to surpass 

25 the expected result, thereby indicating that the glow discharge analysis may not be 
dependable. 

The inventors then examined their experimental results and came to a 
conclusion that the scattering was mainly caused by a state of coupling to a Faraday 
cage in portions other than the portion to which a high-frequency voltage was applied 
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even if the same semieonductor wafer was used. This point will be described below 
with reference to Figure 7. 

Figure 7(A) shows a state wherein a voltage is applied to a semiconductor 
wafer, and more specifically shows a semiconductor wafer W adjacent to an anode A 
5 side of a glow discharge tube L provided in a Faraday cage F so that the center of the 
semiconductor wafer W coincides with the center of the anode A. A cathode K is 
brought into contact with the semiconductor wafer W so as to coincide with the center 
of the semiconductor wafer W, and a high-frequency power source HF is cormected 
between the anode A and the cathode K. Figure 7(B) is a drawing showing a planar 

10 relationship between the semiconductor wafer W and the cathode K in the state of 
Figure 7(A). Moreover, Figure 7(C) is a drawing showing another planar relationship 
between the semiconductor wafer W and the cathode K, when K is off center. 

As shown in Figure 7(B), when the cathode K is brought into contact with the 
semiconductor wafer W so as to coincide with the center of the semiconductor wafer 

15 W, the semiconductor wafer W is composed of ring bands Z„ Zj and Zj, and the 
impedances of the ring bands are respectively Z,, and Zj, In this case, the 
impedance Z j viewed from the cathode K is represented by the following equation 

(1) . 

Zt =Zl,Z2andZ3 (1) 

20 In addition, as shown in Figure 7(C), when the cathode K is brought into 

contact with a peripheral portion of the semiconductor wafer W, the semiconductor 
wafer W is composed of ring bands Zj', Zj'Zj', Z/ and Z5'. In this case, the 
impedance Zj' viewed from the cathode K is represented by the following equation 

(2) - 

25 Zt' = Zi' + Z{ +Z3' + ZV + Zs' (2) 

The impedance Z , of an arbitrary ring band is represented by the following 
equation (3). 

Zi = ai+l/jbi (3) 

Here, a j is a resistance component for generating a voltage due to an electric 
30 current in an emission direction in the ring band, and 1/jbj is a value relating to a 



capacitance coupling with the Faraday cage F of the ring band. In general, the 
impedance of the semiconductor wafer W is represented by 2Z,. 

According to the above equations (1) through (3), it is clear that the is 
different from Zj ', and even if equal electric power is supplied to the semiconductor 
5 wafer W via the cathode K, the intensity of the discharge emission generated at this 
time varies, and thus analyzed results are different from each other. 

The operation of a spectroscope, such as polychromator and monochromator 
systems, are known, see Glow Discharge Optical Emission Spectrometry by Payling 
et al., pages 20-23, pages 130-137, Wiley & Sons, Ltd. 1997, 

10 The inventors consider that the above-mentioned problem is caused not only in 

the semiconductor wafer but also in a conductor, non-conductor and the like. 

Figures 1 and 2 show a first embodiment of the present invention to resolve 
the above problem. At first, in Figure 1, 1 is a metallic Faraday cage, and a glow 
discharge tube 2 is provided in the Faraday cage 1 . There will be described below the 

15 structure of the glow discharge tube 2 and its periphery with reference to Figure 2. 3 
is a lamp body, and a discharge emission chamber 4 which broadens towards it 
bottom opening is formed therein. Vacuum ports 5 and 6 are formed in the lamp body 
3, and they are cormected with a vacuum pump, not shown. Moreover, 7 is a port for 
introducing an inert gas, appropriate for a sputtering plasma, such as argon gas. 

20 An end on the broaden opening side of the discharge emission chamber 4 is 

sealed by a window 8 made of magnesium fluoride or the like, and light 9 which is 
generated due to a discharge, to be mentioned later, is introduced in a direction of a 
spectroscope. Moreover, an anode 1 1 having a cylindrical open portion 10 at its 
center is attached to the other end of the lamp body 3 which faces the window 8 by an 

25 anode holder 12 and a supporting body 13 made of, for example, ceramics so as to 
render airtight the lamp body 3. A through hole 14 into which the cylinder section 10 
is inserted is formed in the anode holder 12, and a cylinder section 15 where the 
through hole 14 is formed is slightly projected fi:om an upper surface of the supporting 
body 13 so that its peripheral portion is held by the supporting body 13. As 

30 mentioned above, the discharge emission chamber 4 on the anode 1 1 side is opened, 
but this opening is sealed by a surface of the semiconductor wafer 18 to be sputtered. 



As will be described later, the two conductors 16, 17 can mount and hold the wafer 
18. Here, 19, 20 and 21 are sealing members, such as 0-rings. 

The conductors 16, 17, comprising copper plates of proper thickness, are 
conductors (hereinafter first conductor 16 and second conductor 17) for grasping the 
5 semiconductors wafer 1 8 and have an outer size larger than the semiconductor wafer 
18. The first conductor 16 which is closer to the anode 1 1 has a hole 22 into which 
the anode holder or pressing member 12 can fit. As can be determined later, the first 
conductor 16 can be connected electrically with a second conductor 17 so that they 
become mutually the same in electrical potential. 

1 0 Reference number 23 is a pressing member such as piston block or the like, 

which presses the rear face of the second conductor 17 when it cooperates with the 
first conductor 16 and grasps the semiconductor wafer 18. The pressing member 23 is 
connected with a negative pole if a high frequency power 24 is provided externally of 
the Faraday cage 1 through a conductor 25. 

1 5 Referring to Figure 1 , reference numeral 26 is, for example, a plane copper 

plate which acts as an earth conductor when positioned close to the semiconductor 
wafer 18 and is also positioned so as to be parallel to it. 

In order to conduct a material analysis of the semiconductor wafer 1 8 by using 
the glow discharge emission spectroscopic analysis apparatus, the wafer 18 is grasped 

20 by the two conductors 16 and 17 as shown in Figure 1 and Figure 2. The 

semiconductor wafer 18 is positioned to face the anode of the glow discharge tube 2, 
by pressing the second conductor 17 in the glow discharge tube 2 direction with the 
pressing member 23. 

When a negative voltage is applied from a high-frequency power source 24 to 

25 the pressing member 23 in a state that the discharge emission chamber 4 provided in 
the glow discharge tube 2 is in an atmosphere of argon gas, a predetermined voltage 
is applied to the entire face of the semiconductor wafer 1 8 via the first electrical 
conductor 16 and the second electrical conductor 17. As a result, a discharge is 
generated, and argon ions are created based on the discharge, and the argon ions are 

30 accelerated by a high electric field so as to collide against the surface of the 
semiconductor wafer 18 which is the cathode, and is thereby subject to a 



8 



predetermined sputtering process. The sputtered particles (atom, molecule and ion) 
are excited in the plasma, and when the particles return to a ground state, a light 
emission which is peculiar to the particular elements in the wafer is executed. This 
emitted light is introduced in the direction of the spectroscope as a light represented 
5 by a reference numeral 9 in Figure 1 and Figure 2. 

In the glow discharge emission spectroscopic analysis apparatus, since the 
semiconductor wafer 18 as the sample to be analyzed is held by the first electrical 
conductor 16 and the second electrical conductor 17, the semiconductor wafer 18 can 
be held securely in a predetermined state. In the held state, the first electrical 

10 conductor 16 and the second electrical conductor 17 have equal or almost equal 

voltages, and both the electrical conductors 16 and 17 come close to the entire surface 
of the semiconductor wafer 1 8 on both faces. As a result, only by applying a high- 
firequency voltage to the first electrical conductor 16, a predetermined voltage can be 
applied to the whole surface of the semiconductor wafer 18, and the applying of a 

1 5 voltage to the semiconductor wafer 1 8 can be executed very simply and stably. 

When the semiconductor wafer 18 was analyzed by using a glow discharge 
emission spectroscopic analysis apparatus, intensity of specified silicon wavelengths 
of 251 nm (secondary Ught), 288 nm (primary light) and 288 nm (secondary light) 
were examined. The results shown in the following TABLE 1 were obtained. In this 

20 measurement, a frequency of the high-frequency voltage was 13.56 MHz, an electric 
power was 50W, and a pressure in the glow discharge tube 2 was maintained within 4 
to 5 mhPa. 

Changing parameters are: 

a. size of the semiconductor wafer 18 (6 in or 8 in); 
25 b. position of the semiconductor wafer 18; 

c. existence/non-existence of the two electrical conductors 16 and 17; and 

d. distance from the semiconductor 18 to the earth conductor 26. 
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Edge 
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Exist 
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The following is understood from TABLE 1 . At first, in measurement 1 
through measurement 3, a voltage was appHed to the semiconductor wafer 18 as 
5 shown in Figure 7(A) without using the first electrical conductor 16 and the second 
electrical conductor 17. In measurement 1 and 2, only the size of the semiconductor 
wafer 18 . differed from each other, and as the size of the semiconductor wafer 18 was 
smaller, the emission intensity was stronger. 

In measurement 2 and measurement 3, the sizes of the semiconductor wafer 1 8 
1 0 were equal to each other, but the center of the semiconductor wafer 1 8 was measured 
in measurement 2, and a portion close to the edge of the semiconductor wafer 18 was 
measured in measurement 3. The emission intensity was stronger in the center of the 
semiconductor wafer 18. 

Next, in measurement 4 through measurement 8, the semiconductor wafer 18 
1 5 was sandwiched between the first electrical conductor 16 and the second electrical 
conductor 17 and in this state a voltage was applied to the semiconductor wafer 18. 
Measurement 4 and measurement 5 are different from each other only in that the 
measuring position of the semiconductor wafer 18 is its center or edge, and the other 
conditions were not different from each other. A difference in the intensity between 
20 respective wavelengths was hardly recognized. 

In measurement 5 and measurement 6, the centers of the semiconductor wafers 
18 with different sizes were measured, and the other conditions were not different 
from each other. A difference in the intensity between respective wavelengths was 
also hardly recognized. 
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In measurement 5, 7 and 8, the distances from the semiconductor wafer 18 to 
the earth conductor 26 differed from each other. Even if the first electrical conductor 
1 7 held the semiconductor wafer 1 8 so as to cover it, as the distance between the 
semiconductor wafer 18 and the earth conductor 26 becomes shorter, the emission 
5 intensity is reduced. It is considered that this result occurs because the earth condition 
of the earth conductor 26 is incomplete at a high frequency and an electric power loss 
occurs, and thus the loss depends on the distance between the earth conductor 26 and 
the semiconductor wafer 18 so that the emission intensity changes. Moreover, it is 
also considered that when capacitive coupling between the first electrical conductor 

10 16 and the second electrical conductor 17 and the earth conductor 26 exceeds a fixed 
amount, an energy for emission is reduced. 

Although the same measurement was conducted in a condition where a 
conductor was adhered on either face of the semiconductor wafer 18 continuous to the 
above described measurement, no difference was recognized between the 

15 measurement results in either case. Namely, when the first conductor 16 is adhered 
only on the sputter face side of the semiconductor 18, and when the reverse face of the 
semiconductor wafer 18 is covered with the conductor 17 in a condition that the 
sputtered front face is exposed the same result is obtained as when the semiconductor 
wafer 18 is covered with the two conductors 16 and 17. Namely, when one front face 

20 of the semiconductor wafer 18 is retained at the same potential, the load is almost 
retained constant and it is not affected by the size of the semiconductor wafer 18 and 
the location of the voltage application. 

There will be described below a second embodiment of this invention with 
reference to Figures 3 through 6. At first, in Figure 3, 31 is an apparatus main body 

25 containing a spectroscope, such as a polychrometer and monochrometer for analyzing 
a discharge emission generated in a glow discharge tube (mentioned later), and a 
power source section and the like. This structure has been designed to accommodate 
thin flat discs, such as semiconductor wafers. A Faraday cage 32 is provided on the 
front side of the apparatus main body 31. 

30 As shown in Figure 4, the Faraday cage 32 is made of a metallic cylinder fixed 

to a bracket member 33 connected with the apparatus main body 3 1 . The Faraday 
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cage 32 is composed of a cylindrical first cage section 35 which is provided with a 
flange 34 and is made of metal, and a second cage section 37, which is provided so as 
to contact with or be separate from the first cage section 35, has a flange 36 at its one 
end, and is made of a metallic cylinder in which the other end is closed. 38 is an air 
5 cylinder whose one end is fixed to a side surface of the closed side of the second cage 
section 37, and a forward end of a piston rod 39 is coupled to a stanchion 40 which 
stands in a vertical direction in Figure 4. The second cage section 37 shdes in the 
direction of an arrow U or V by expansion and contraction of the piston rod 39 so that 
the flange 23 of the first cage section 35 and the flange 36 of the second cage section 

10 37 closely contact with each other or are separated from each other by a 

predetermined gap. Here, 41 is a guide member. Accordingly, the housing structure 
of components 37 and 36 can be opened and closed to provide access for loading 
semiconductor wafers. 

In the Faraday cage 32, a glow discharge tube 42, and a sample holding 

1 5 mechanism 44, which holds a sample 43 to be analyzed (for example, semiconductor 
wafer) to one end of the glow discharge tube 42 and applies a predetermined voltage 
to the sample 43, are provided. 

At first, a description will be given as to the structure of the glow discharge 
tube 42. In Figure 5, 45 is a lamp body, and a discharge emission chamber 46 which 

20 broadens towards its bottom opening is formed therein. Vacuum ports 47 and 48 are 
formed in the lamp body 45, and they are connected with a vacuum pump, not shown. 
Moreover, 49 is a port for introducing an inert gas such as argon gas. 

One end, on the broaden opening side of the discharge emission chamber 46, 
is sealed by a window 50 made of magnesium fluoride or the like, and any light 5 1 

25 generated due to a discharge effect, mentioned later, is introduced in the direction of a 
spectroscope (not shown), in the apparatus main body 31. Moreover, an anode 53 
having a cylindrical portion 52 at its center is attached to the other end which faces the 
window 50 by an anode holder 54 and a supporting body 55 made of, for example, 
ceramics so as to make airtight the lamp body 45. A through hole 56 into which the 

30 cylinder section 57, where the through hole 56 is formed, is slightly projected from an 
upper surface of the supporting body 55 so that its peripheral portion is held by the 
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supporting body 55. As mentioned above, the discharge emission chamber 46 on the 
anode 53 is opened, but this opening is sealed by a surface of the semiconductor wafer 
43 to be sputtered and held by the sample holding mechanism 44, mentioned later. 
Here 58, 59 and 60 are sealing members, such as 0-rings. 

5 There will be described below the structure of the mechanism 44 for holding 

the semiconductor wafer 43 in a predetermined site also with reference to Figure 6. 
The sample holding mechanism 44 is provided to the anode 53 side of the glow 
discharge tube 42. First, 61 is a first electrical conductor provided fixedly to the 
discharge tube 42, and it will sandwich the semiconductor wafer 43 with the 

10 cooperation on a second electrical conductor 41, mentioned later, so as to cover its 
whole surface, and it can apply a predetermined voltage to the semiconductor wafer 
43. The first electrical conductor 61 as well as the second electrical conductor 41 wil 
serve as a cathode for the discharge tube 42. The first electrical conductor 61 is made 
of a copper plate having a thickness of about 3ram, for example, and is composed of a 

1 5 rectangular main body section 62 whose four comers are chamfered and two 

mounting sections 63. The maiii body section 62 and the mounting sections 63 whose 
size is at least larger than a maximum size of the semiconductor wafer 43 are coupled 
to each other by an elastic connecting plate 64 so that their rear faces (glow discharge 
tube 42 side) are flush with each other (there is no stepped portion) and will have an 

20 elastic structure to accommodate variances in the dimensions of the wafer 43. 

A hole 65 which can house the supporting body 55 on the glow discharge tube 
42 side is formed in the main body section 62, and an elastic and electrically 
conductive section 66, such as a wiper member, is provided for setting the voltages of 
the second electrical conductor 71 and the first electrical conductor 61 to be equal 

25 with each other. The wiper member 66 is projected from a suitable position of one 
side surface (surface opposite to the second electrical conductor 71, sandwich surface) 
62a of the main body section 62, and a voltage apply section 68, connected with the 
high-frequency power source (not shown) via a cable 67, is provided on the other side 
surface. 

30 In addition, the mounting sections 63 are held by insulating holding sections 

70 (see Figure 4) provided in midways of stanchions 69 which are held to the bracket 
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member 33 (see Figure 4) in a horizontal direction, and thus the first electrical 
conductor 61 is fixedly provided to the anode 53 of the glow discharge tube 42 so that 
its plane, particularly a sandwich surface represented by a reference symbol 62a (see 
Figures 4 and 6) is parallel with a vertical direction. 
5 Here, the edge portions of the main body section 62 and the mounting sections 

63 are subject to a curve face process and chamfering process so that an edge portion, 
which could score the wafer 43,. is not generated. 

71 is the second electrical conductor which is made of a copper plate of about 
3 mm, for example, and it is provided so as to move linearly with respect to the fixed 

10 first electrical conductor 61 . The second electrical conductor 71 has the same form 
and size as those of the main body section 62 of the first electrical conductor 61, but 
as shown in Figure 5, it is composed of a small rectangular pressurizing section 72 
which matches with the through hole 56 of the anode holder 54 (an area of the 
semiconductor wafer 43 to be analyzed is positioned here), and a main body section 

15 73 of the pressurizing section 72. The pressurizing section 72 is coupled to the main 
body section 73 by an elastic coupling plate 74 so that they are flush with each other 
(a stepped portion is not generated). Here, the edge portion of the main body section 
73 undergoes the curved face process and chamfering process so that an edge portion 
is not generated. 

20 There will be described below holding and moving mechanisms of the second 

electrical conductor 71 with reference to Figures 4 and 6. In these drawings, 75 and 
76 are air cylinders for moving the second electrical conductor 71 linearly, and their 
cylinder sections 75a and 76a are mounted to a mounting base 79 via spacers 78 
which are held to a base member 77 mounted on the stanchions 69. Moreover, their 

25 piston rods 75b and 76b are constituted so as to be capable of expanding and 

contracting on the first electrical conductor 61 side through holes 80 opened in the 
base member 77. The ends of the piston rods 75b and 76b are mechanically coupled 
to connection blocks 81 and 82 provided on a side 71b (mounted face side) of the 
second electrical conductor 71 opposite to a surface 71a (see Figure 4) for nipping or 

30 holding the pressurizing section 72 and the main body section 73 . 
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83, 84, and 85 are guide rods provided in the same direction as a direction 
where the air cyhnders 75 and 76 are provided laterally. As for the guide rod 83, its 
base portion is fixed to the connection block 81, which matches for the pressurizing 
section 72 of the second electrical conductor 71, and is inserted through a guide 
5 section 86 provided to the mounting base 79. As for the other two guide rods 84 and 
85, their base portions are fixed to the main body section 72 of the second electrical 
conductor 71, and are inserted through a guide section 87 and a guide section, not 
shown, provided to the mounting base 79. 

As mentioned above, the second electrical conductor 71 is held by the piston 
10 rods 75b and 76b of the two air cylinders 75 and 76 and the three guide rods 83 

through 85 so as to be close to or separated firom the first electrical conductor 61, and 
the contacting face 71a shield so as to be parallel with the contact face 62a of the first 
electrical conductor 61. Moreover, the second electrical conductor 71 holds the 
semiconductor wafer 43 in a vertical state by cooperation with the first electrical 
15 conductor 71. 

Here, in Figure 4, a plate-shaped earth conductor 88 is provided in the Faraday 
cage 32, and its voltage is maintained so as to be equal with the voltage of the Faraday 
cage 32. 

In the case where the material of the semiconductor wafer 43 is to be analyzed 
20 by using the glow discharge emission spectroscopic analysis apparatus having the 
above structure, as shown in Figure 4, the semiconductor wafer 43 to be analyzed is 
held between the electrical conductors 61 and 71 by a support loader or magic hand, 
not shown, in the state where the second electrical conductor 71 is separated fi-om the 
first electrical conductor 61. When the two air cylinders 75 and 76 are operated, the 
25 piston rods 75b and 76b are extended in the direction of the arrow U. As a result, the 
semiconductor wafer 43 is pushed towards the direction of the first electrical 
conductor 61 so as to be nipped or securely held by the first electrical conductor 61 
and the second electrical conductor 71. In this case, since the desired position of the 
semiconductor wafer 43 is previously known, the magic hand or loader positions the 
30 semiconductor wafer 43 so that the pressurizing section 12 in the second electrical 
conductor 71 matches with the through hole 56 where the anode 53 is provided. 
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As mentioned above, the semiconductor wafer 43 which is nipped by the first 
electrical conductor 61 and the second electrical conductor 71 is pressed against the 
anode holder 54 of the glow discharge tube 42, and since the sealing member 60 is 
provided on the pressed face side of the anode holder 54, the discharge emission 

5 chamber 46 of the glow discharge tube 42 is accordingly sealed by the surface of the 
semiconductor wafer 43 in an airtight manner. The area of the semiconductor wafer 
43 to be analyzed (area to be sputtered) faces the cylinder section 52 of the anode 53 
which is positioned in the through hole 56 of the anode holder 54. 

In the above state, the main body section 73 of the second electrical conductor 

10 71 contacts with the electrically conductive section 66 provided on the contact face 
62a side of the main body section 62 of the first electrical conductor 61. Then, the 
voltage of the second electrical conductor 71 is made equal with the voltage of the 
first electrical conductor 61 so that the supporting contact area for the semiconductor 
wafer 43 is held at the same potential voltage. 

1 5 When a high-fi:equency voltage is applied firom a high-firequency power source 

(not shown) to the first electrical conductor 61 in a state that the discharge emission 
chamber 46 is in atmosphere of argon gas, a predetermined voltage is applied to the 
entire fi-ont and back face of the semiconductor wafer 43 via the first electrical 
conductor 61 and the second electrical conductor 71 which will have an equal voltage 

20 level. As a result, a discharge is generated, and an argon ion is created based on the 
discharge, and the argon ion is accelerated by a high electric field so as to collide 
against the surface of the semiconductor wafer 43 which acts as the cathode, and is 
thereby subject to a predetermined sputtering process. The sputtered particles (atom, 
molecule and ion) that are released firom the semiconductor wafer 43 are then excited 

25 in the plasma field, and when the particles again return to a ground state, their 

characteristic wavelength emission is peculiar to the elements in the wafer 43. This 
emitted light is introduced in the direction of the spectroscope in the apparatus main 
body 31 as a light represented by a reference numeral 43 in Figure 5. 

As can be appreciated by determining tiie depth of etch or sputtering a profile 

30 as the elements in the wafer can be determined for not only the surface, but for 
controlled distances into the body of the wafer. 
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In the glow discharge emission spectroscopic analysis apparatus, since the 
semiconductor wafer 43 is nipped by the first electrical conductor 61 and the second 
electrical conductor 71, the semiconductor wafer 43 can be held securely in a 
predetermined state. In the nipped state, the first electrical conductor 61 and the 

5 second electrical conductor 71 have equal voltages, and both the electrical conductors 
61 and 71 come close to each surface of the semiconductor wafer 43. As a result, only 
by applying a high-frequency voltage to the first electrical conductor 61, a 
predetermined voltage can be applied to the entire surface of the semiconductor wafer 
43, and the applying of a voltage to the semiconductor wafer 43 can be executed very 

10 simply and stably. Particularly since a voltage from the high-frequency power source 
is applied to the fixed first electrical conductor 61, it is not necessary to install a 
power source cable, and thus installation of other components can be designed easily. 
In addition, in the glow discharge emission spectroscopic analysis apparatus, 
the fixed first electrical conductor 61 is composed of the main body section 62 and the 

15 mounting sections 63, they are coupled with each other by the elastic coupling plate 
64 so as to be flush with each other (no stepped portion is obtained), and thus the first 
electrical conductor 61 has an elastic structure. As a result, even if the semiconductor 
wafer 43 is slightly distorted or warped, the first electrical conductor 61 can absorb or 
adjust for the distortion and warpage, and can still hold the semiconductor wafer 43 in 

20 the desired position in cooperation with the second electrical conductor 71. 

Furthermore, the movable second electrical conductor 71 is composed of the 
pressurizing section 72 for pressurizing the area of the semiconductor wafer 43 to be 
analyzed and the main body section 73, and has an elastic structure, and the pressing 
section 72 and the main body section 73 are pressurized respectively by individual 

25 piston rods 75b and 76b. As a result, when a pressurizing force of the piston rods 75b 
to the pressurizing section 72 is set to be larger than a pressurizing force of the piston 
rod 76b to the main body section 73, the portion of the semiconductor wafer 43 
including the area to be analyzed can be pressed sfrongly against the anode holder 54, 
and thus a predetermined airtightness can be maintained. 

30 Even when an analysis of the semiconductor wafer 43 was conducted by the 

use of the above described glow discharge emission spectroscopic analysis apparatus, 



17 



the same result as that of the glow discharge emission spectroscopic analysis 
apparatus of the first embodiment has been obtained. 

In the above embodiment, the second electrical conductor 71 is driven by the 
two air cylinders 75 and 76, but the present invention is not limited to this structure, 
5 and thus it may be driven by one air cylinder or by other hydraulic and electrical 
motive forces. 

In addition, in the above embodiment, the semiconductor wafer 43 is used as a 
sample, but the present invention is not limited to this, and thus, conductors such as 
metal, non-conductors and semiconductors such as various insulating material 
10 including ceramics can be used for analysis. Further, when the sample is a conductor, 
it is needless to say that a DC voltage may be applied thereto instead of a high- 
frequency voltage. 

Since the second embodiment of the glow discharge emission spectroscopic 
analysis apparatus is arranged so that the sample 43 is sandwiched between the first 

1 5 electrical conductor 61s and the second electrical conductor 71 and a negative electric 
potential is given to one of them, a voltage is applied to the sample 43 uniformly, and 
the intensity of the discharge emission becomes stable. As a result, a desired and 
stable analyzed result can be obtained. Therefore, the desired chemical analysis may 
be made with excellent reproducibility. 

20 It is not intended to limit fliis invention to the particular embodiments 

disclosed but, on the contrary, the invention is to cover all modifications and 
alternative constructions all within the spirit and scope of the invention as 
expressed in the appended claims and as known by those skilled in the field as 
equivalents to the elements set forth in the claims. 



